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 Avian conservation is imperative because birds provide many beneficial ecosystem 
services.  Bird mortality is highest during the migratory period due to habitat loss from 
anthropogenic land cover change.  On the way to and from breeding grounds, migrants make 
many stopovers to refuel and rest for the next leg of their journey.  The abundance, 
distribution, and quality of the stopover habitat are important for a successful migration.  The 
southern shore of Lake Ontario in Western New York has received attention for conservation, 
because it provides critical stopover habitats for migrants.  Performing vegetation and bird 
surveys, at specific stopover locations, provides useful information for finding correlations 
between bird abundance and richness with specific habitat characteristics and provides insight 
to the presence of invasive plant species in an area.  The field data also help validate the 
accuracy of the 2001 National Land Cover Database (NLCD), which supplied land cover 
information for the geographic information system model used to initially locate the sampling 
sites.  Sampling site locations were predicted by the model using distance from the shoreline of 
the lake and percent woody cover within 5 kilometers.  The model accurately predicted the 
location of forested habitat with only minor discrepancies between specific forested land cover 
types when comparing to the actual land cover at the sampling plots.  The field surveys 
suggested that birds prefer stopover habitats with a higher abundance of saplings and large 
shrubs.  Birds were observed to be higher in abundance and richness in more isolated habitats 
with less than ten percent wooded cover in a 5 km radius around the patch.  They also seemed 
to prefer habitat near the shore (0-2 kilometers) or further away from the shore (32-75 
kilometers).  The identified preferences that migrants have for specific stopover characteristics 
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in this study can be incorporated in the conservation plans for quality stopover habitats in the 
Western New York region.  The model can serve as a template for identifying more stopover 

























Importance of avian conservation 
 
 Avian diversity and abundance play an important role in the health and ecology of 
ecosystems.  Birds provide many ecosystem services (Sekercioglu 2004) beneficial to both 
humans and the environment, such as insect control (Bruns 1960), pollination, seed dispersal 
(Clout and Hay 1989), and providing food for predatory animals.  Forest systems with 
substantial bird populations are healthier than those lacking in avian population numbers due 
to bird predation on harmful insects, such as the gypsy moth (Bruns 1960).  Many species of 
fauna, especially those in the avian taxa, are indicator species of biodiversity and ecosystem 
health (Lindenmayer et al 2000).  This is because avian species utilize many diverse niches that 
expand across a wide variety of habitats and ecosystems (Greenwood 2007).  For example, the 
Kirtland’s Warbler (Dendroica kirtlandii) nests only in jack pine (Pinus banksiana) trees where 
there is suitable soil.  Changes in the warblers’ population dynamics could be a potential 
indicator that the jack pine habitat is changing, possibly due to climate change (Botkin et al. 
1990). 
Birding is a popular activity that many people have engaged in throughout history.  
Many Americans are active birders or just enjoy the presence of birds.  Community amateurs 
involved in birding activities have provided important information about bird populations in 
past years and continue to do so today by volunteering with professional organizations 
(Greenwood 2007).  Recent population studies have shown that many bird species in a variety 
of groups (forest, aridland, grassland, coastal and ocean birds) are experiencing population 
declines (Audubon 2009).  There are 310 forest breeding bird species in the United States, and 
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22% of these are of conservation concern.  In particular, eastern forest obligate birds have 
decreased in population by 25% since 1968 (Audubon 2009).  Sekercioglu et al. (2004) predicted 
that by 2100, 6 to 14% of bird species will become extinct and an additional 7-25% will be 
functionally extinct, meaning that bird populations will be so small that they will not be able to 
maintain a viable number of individuals.  This is in part due to a growing human population, 
which has increased the challenges facing avian communities, such as habitat deterioration and 
destruction, pollution, human exploitation of resources important in the avian food supply, and 
effects associated with climate change (Audubon 2009).  Avian conservation is of utmost 
importance to stop bird populations from declining further, to prevent loss of all the ecosystem 
services birds provide, and to ensure the continuance of a part of nature that brings enjoyment 




 Stopover sites are defined as habitats birds use to rest during the migratory period on 
their way to breeding grounds in the spring and wintering grounds in the fall (Mehlman et al. 
2005).  Finding quality habitat is critically important during stopover for providing food 
resources, cover from predators, and shelter from adverse weather conditions (Moore and 
Woodrey 1993; Moore et al. 1990).  The abundance and adequate distribution of high quality 
stopover habitats are important for a successful migration of land birds (Simons et al. 2000).  
Birds are encountering greater destruction and degradation of natural habitats (Barrow et al. 
2000).  Quality stopover habitat is at risk due to land cover change and landscape 
fragmentation.  This occurs in the forms of agricultural conversion, construction of roads, and 
other developmental pressures.  An expanding human population not only affects the amount 
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and quality of stopover habitats available, but also increases challenges during stopover 
including predation from domesticated cats and increased abundance of flight obstacles, such 
as communication or wind towers and buildings (Moore et al. 1990; Moore and Woodrey 
1993).  Birds respond quickly to human altered habitats (Marzluff and Sallabanks 1996), and the 
loss of quality habitat results in overall declines of migratory and breeding bird populations 
(Hutto 1998; Sillet and Holmes 2002; Schmiegelow et al. 2002).   
Decreases in many species of migratory land bird populations, such as the Black-
throated Blue Warbler (Sillet and Holmes 2002), have been observed (Robbins et al. 1989).  
Protecting avian species’ stopover habitat is of immense concern because bird mortality is the 
highest during migration (Sillet and Holmes 2002).  Previous conservation plans have focused 
on preserving the wintering and breeding areas, rather than migratory stopover areas, because 
birds spend comparatively less time at individual stopover sites (Hutto 1998).  However, it is 
crucial to identify quality stopover habitats and assess key habitat characteristics important to 
migrants in order to conserve critical stopover habitats effectively because there is potential for 




Birds choose habitats at multiple spatial scales: the regional, landscape and habitat 
patch scale (Buler et al. 2007).  At a large spatial scale, or the regional scale, geographic 
landmarks, such as waterbodies, may be influential in habitat selection.  Buler et al. (2007) 
found that at the regional scale, migrating birds were very dense near the shore of the Gulf of 
Mexico during migration.  Birds also congregate near the shore of Lake Ontario (Diehl et al. 
2003; Bonter et al. 2009).  Water bodies are large ecological barriers that do not provide any 
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stopover sites for birds.  Habitats along the shorelines are the last possible stopping point for 
birds before crossing the water body in non-stop flight (Mehlman et al. 2005).  Observed 
populations of migrant birds also have been seen using inland habitats, approximately 30 
kilometers from the shoreline of the Great Lakes, which could be due to reorientation during 
flight or lake avoidance (Diehl et al. 2003).  Birds also start migrating from different locations 
around the globe and the length of migratory corridors may vary depending on the species’ 
flight ability (Berthold 2001), so the location of the stopover sites may differ depending on how 
far the bird can fly, which may lead to some birds stopping at sites further inland. 
Within a general location at the regional scale, birds utilize a landscape scale for habitat 
selection.  The type of land cover at the landscape scale may influence birds’ habitat selection 
as well.  A larger proportion of hardwood forest in a landscape positively influences bird 
abundance (Buler et al. 2007).  Birds prefer forested habitat to land used for agricultural 
purposes (Bonter et al. 2009) because agricultural land has less shelter and fewer food 
resources.  Food sources such as arthropods for spring migrants and fruits for fall migrants, are 
associated with shrubbier forest habitats (Jokimaki et al. 1998; Suthers et al. 2000).  Isolated 
forest fragments that are surrounded by unsuitable habitat are also important stopover 
habitats for bird migration because they may provide the only stopping point for birds in the 
area (Bonter et al. 2009). 
The scale is narrowed down further to the patch scale, where habitat selection is based 
on finer vegetative characteristics within the forested land cover.  Arthropod abundance and 
the structure of the vegetation are significant for predicting migratory bird presence, suggesting 
that food availability is a major factor influencing higher abundance of migratory bird 
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populations (Buler et al. 2007).  Migrants undergo dietary plasticity, where migrants will feed 
mainly on insects that are abundant during the spring migration and will switch over to fruits 
once they develop on the vegetation for the fall migration (Rodewald et al. 2007).  Specific 
vegetation characteristics, such as vertical structure and complexity or density of forest layers 
may also influence some bird habitat selection (Rodewald et al. 2007).  Within a habitat, birds 
may show preference for interior or edge microhabitats depending on their preferred food and 
shelter choices (Keller et al. 2009).  Species such as the Black-Throated Green Warbler 
(Dendroica virens) and Ovenbird (Seiurus aurocapillus) prefer forest interior (Whitaker et al. 
1997) and many species, such as the Yellow-rumped Warbler (Dendroica coronate) use forest 
edges where arthropod or fruit abundance is highest (Rodewald et al. 2007).  Ultimately, birds 
need to find stopover habitats that have enough resources and shelter to provide them with a 
place to rest and regain energy to complete their journey to breeding or wintering grounds in a 
timely manner. 
 
Lake Ontario Stopover Project 
 
 Areas along the southern shore of Lake Ontario have been identified as priority 
locations for the conservation of stopover habitats because previous studies indicate that 
habitats along the shore are highly utilized by migrants (Agard-West, unpublished).  With the 
growing popularity of lake front property and further expansion of housing developments and 
agricultural land in Western New York, there is a need to focus attention on preserving critical 
stopover habitat areas from destruction along Lake Ontario.  The study by Agard-West 
(unpublished) only observed migrating bird populations in the first four kilometers from the 
shoreline of Lake Ontario.  Deihl (2003), however, found migrating birds also utilizing habitats 
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further from the shores of the Great Lakes, sp sites that are located more than four kilometers 
inland from the shoreline of Lake Ontario are also of interest.   
 The Nature Conservancy (TNC) of Central and Western New York, National Audubon 
Society and several universities, including Rochester Institute of Technology, Cornell University, 
Canisius College, and Hobart and William Smith, collaborated on a study to identify and 
prioritize stopover areas for conservation along the southern shore of Lake Ontario.  The 
stopover study evaluates wooded sites located up to 75 kilometers from the shoreline of Lake 
Ontario in Western New York State.  The research presented in this study is a pilot study for the 
Lake Ontario Stopover Project.  The findings will assist TNC with developing the stopover 
project further.  The assessment of the migratory bird populations and vegetation at the study 
sites may give insights into which locations are most important to migrating passerines and 
provides TNC with crucial information for prioritizing the study sites according to a bird’s needs.  
The model could serve as a template for other regions researching avian stopover ecology.   
 The Nature Conservancy identified study sites initially using a Geographic Information 
System (GIS) model.  The model identifies wooded patches and takes into account two 
variables, distance from the shoreline and percent woody cover within a 5-kilometers radius 
around a patch centroid.  Evaluating habitat suitability can be complicated because of the 
complexity of birds and their needs.  Distance from the shore and percent woody cover are not 
the only parameters thought to be important for migratory birds’ habitat selection.  Other 
parameters, such as diversity of land cover, edge to area ratio of the wooded patch, distance 
from North to South facing water bodies and habitat heterogeneity, are thought to influence 
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habitat selection as well, but were set aside in the initial model in order to develop a 
reasonable site selection and data collection strategy.  
 
Importance of vegetation assessment 
 
 In addition to the observation of bird populations, an assessment of vegetation at the 
stopover sites is crucial for further understanding avian species and their specific habitat 
preferences and forming an overall conservation plan (Telleria and Perez-Tris 2003).  This study 
includes three reasons that the assessment of the vegetation is important to the stopover 
study: (1) Assessing habitat characteristics at the same locations where there are bird surveys 
allows for the comparison between bird populations and stopover habitat parameters to find 
vegetation preferences at the finer scale.  (2) Analyzing the number of invasive plant species 
and their abundance may also be beneficial.  This is because invasive plants are generally 
thought to be undesirable to include in a conservation plan, but in some cases appear to be 
used by migrating birds.  (3) In this analysis, performing a vegetation assessment may also 
provide additional information on the original geographic information system model and land 
cover database used in the model for site selection, helping to assess the accuracy of the 
classified land cover. 
 
Comparison to bird surveys 
 
 Instead of singling out specific migratory species, this study looks to observe general 
patterns between the vegetation and a wide variety of migrating land birds.  This study focuses 
on forested habitats because previous studies have shown that most migrating land birds tend 
to avoid habitats such as urban areas or agricultural fields (Yong et al. 1998; Bonter et al. 2009).  
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Forested land cover maps are also relatively easy to derive from US government databases, 
facilitating the use of GIS modeling over regional scales.  While useful, especially for deriving a 
sampling strategy, these GIS databases only provide a general indication of habitat availability 
and they do not account for habitat quality.  Field data within the forested patches extend the 
analyses by helping to determine habitat quality and correlations between habitat 
characteristics and bird abundance or richness.  These field results can then be used as a 
predictive tool for refining the more general geographic information system model used initially 
to locate potential stopover locations. 
Observing migratory bird abundance and richness patterns at multiple locations will give 
insight into the migrating population distribution across an area, as well as identify avian 
preference for specific habitat characteristics during migration.  Species, such as the Yellow-
rumped Warbler (Dendroica coronata), have been observed utilizing habitats in mature forest 
edges with complex vertical structure and a dense understory (Rodewald et al. 2007) and Yong 
et al. (1998) found that Wilson’s Warblers prefer native willow habitat during migration.  Areas 
with high levels of anthropogenic disturbance (i.e. a highly altered habitat), are not the 
preferred habitat of migratory birds.  Forests that are converted to agricultural land do not 
support birds because they do not provide the resources that birds need to survive (Petit and 
Petit 2003).  If there is high disturbance, such as clear cutting or even removal of forest layers 
within a forested patch, adequate food and shelter resources may not be available for birds.  
Therefore, in addition to vegetation characteristics, the level of anthropogenic disturbance of 





Invasive Species Analysis 
 
 By performing surveys of the flora at sampling locations and recording species and 
abundance of plants, habitat quality can be assessed and species considered invasive and 
undesirable can be identified.  Many factors, such as biodiversity and the abundance of invasive 
species are taken into consideration when forming a conservation plan to ensure that a healthy 
ecosystem is being preserved (Groves et al. 2002).  As defined by the National Invasive Species 
Information Center (USDA 2010), invasive plant species are aggressive and adaptable plants 
that can survive beyond their natural range of dispersal.  Invasive species are of concern 
because they out-compete native vegetation and lead to a loss of biodiversity (Didham et al. 
2005). 
 Scoring and ranking the sampling locations according to the abundance of invasive 
species provides insight as to which sites are most ecologically sound from a conservation 
standpoint.  Western New York is a mosaic of forest fragments and increased fragmentation 
and edge effects may leave plant communities exposed to wind storms or temperature 
changes, which may decrease diversity or create open niches where undesirable and 
disturbance tolerance weed-type plant species could proliferate (Tilman and Lehman 2001).  
Studies have shown that increased disturbance levels may lead to an increase in the presence 
of invasive plant species (Humphries et al. 1991).  This study will compare the disturbance levels 
at sampling locations to invasive species scores in addition to the data from the bird surveys.  
Organizations looking to preserve habitats for migrating birds are interested in finding areas 
that suit the birds’ needs, but also balancing that with the conservation of quality habitat with 
few invasive species.  However, birds may highly utilize certain invasive plants during migration 
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(DeGraaf 2002), so placing emphasis on preserving habitats with only native plant species may 




 A Geographic Information System (GIS) model used in this study to initially locate study 
sites utilized land cover information from the 2001 National Land Cover Database (NLCD) (MRLC 
2001).  Use of a land cover database and GIS are useful for mapping and locating desired types 
of land cover with general habitat characteristics, however these databases generally do not 
display vegetation characteristics at a finer scale.  In-field sampling provides information at the 
finer scale, which will give greater knowledge of the abundance and diversity of the vegetation. 
 Vegetation evaluation is important for providing accurate and up-to-date data on the 
land cover.  The older 1992 version of the NLCD had significant discrepancies between the 
database and the actual land cover, such as inaccuracies with hay/pasture and wetlands land 
cover (Thogmartin et al. 2004, Chen et al. 2005).  The 2001 NLCD more accurately portray the 
actual land cover than the 1992 version due to improved classification algorithms, but still has 
some limitations for local analyses.  Field-testing is the ultimate way to ensure an accurate 
assessment of the land cover at the local scale, but is extremely time and labor intensive.  For 
this analysis, field vegetation surveys are compared to the original GIS model to verify that the 
model correctly and accurately incorporates forested land cover attributes.  If any discrepancies 
in the land cover are discovered, the GIS model can be revised using the collected field data and 







 The overall purpose of the stopover study is to determine which locations are most 
important to preserve in terms of stopover ecology in Western New York.  This study is 
designed to enhance the larger stopover ecology project being carried out by The Nature 
Conservancy by assessing the vegetation at the sampling locations and determining the key 
habitat characteristics preferred by migrants.  Bird counts collected at each site by trained field 
ornithologists are supplemented with detailed vegetation assessments measuring abundance 
and richness of plants as well as noting other important forest characteristics at the study sites.  
This study addresses the following questions: (1) Are there any correlations between various 
vegetation characteristics and the model variables (distance from the shore and percent woody 
cover) with bird abundance and/or bird species richness?  (2) Which sites are most important 
from a conservation standpoint (taking into consideration the bird data and abundance of 
invasive plant species)?  And (3) Does the predictive model using general forested land cover 
categories provided by the National Land Cover Database provide an accurate representation of 

















Sampling sites were located in Monroe, Livingston, Ontario, Orleans and Wayne 
counties in New York.  A team of experts from The Nature Conservancy, National Audubon 
Society and the collaborating universities randomly selected 20 wooded patches in Western 
New York as sampling locations using a Geographic Information System (GIS) model.  Wooded 
cover included five land cover categories (with their associated land cover number) from the 
2001 National Land Cover Database (NLCD): deciduous forest (41), evergreen forest (42), mixed 
forest (43), shrub and scrub (52), and wooded wetland (90) (MRLC 2001) (Appendix A).  The 
model incorporated two parameters each at three levels, distance from the shoreline and 
percent woody cover in a 5 kilometers radius around the patch centroid.  Three distance bands 
from the shoreline, 0-2 kilometers, 2-32 kilometers and 32-75 kilometers were used in the 
model.  Also in the model, were three categories of percent woody cover in the 5 kilometer 
radius around the patch centroid (0-10%, 10-30%, and 30+% woody cover).  This created a 3x3 
factorial design with different combinations of the distance and percent woody cover.  Patches, 
2 hectares in size or greater were selected randomly from each of the varying combinations of 
distance and woody cover that the GIS model had identified.   
At each of the wooded patches selected for sampling, either a 300 meter or 150 meter 
transect was laid out in as close to a straight line as possible.  Generally, patches that were too 
small to fit a 300 meter transect contained the 150 meter transects.  One large wooded patch 
had both a 300 meter and 150 meter transect in the same patch.  Ten 150 meter transects and 
ten 300 meter transects were used in this study.  The 300 meter transects were broken apart 
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into two 150 meter halves for data collection and analysis and each half was considered a 
separate 150 meter transect to give a sample size of 30 transects. 
Bird Surveys 
  
A group of volunteers from The Nature Conservancy and National Audubon Society 
conducted bird surveys in May of 2009.  Bird surveys at each transect were completed within 
four hours after sunrise.  Transect visitations were divided up amongst the volunteers in such a 
way as to reduce bias due to variability of field skills between observers or from one volunteer 
visiting the same site multiple times.  Each transect was visited once or twice a week over a four 
week period to give a total of seven to eight visits per transect.  One transect, transect 138, was 
only visited 6 times.  Birders did not conduct surveys if precipitation was greater than a light 
drizzle, if there was fog, or if the wind was greater than four on the Beaufort Scale (dust raised; 
small branches move).  If the conditions abated within the four-hour sampling window, the 
volunteer could perform the bird survey. 
 If there were two transects within the same woodlot (an interior and exterior), the 
birder was to start with the transect more towards the edge of the wood lot.  In the field, the 
birder walked down the marked transect line and recorded any bird they saw or heard using 
the woods up to 25 meters from the transect line, which created a 150 meter by 50 meter or 
300 meter by 50 meter transect box.  A time of 30 minutes was given to walk a 300 meter 
distance (15 minutes for a 150 meter transect).  The 300 meter transects were divided into two 
150 meter halves, and the location of the birds was recorded as being in either the 1st or 2nd 
150 meter segment of the transect.  Upon reaching the midpoint of the 300 meter transect, if a 
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bird was seen or heard beyond the midpoint, it was counted in the second half of the transect 
(Figure 1). 
Before and after the survey, the temperature, sky condition (ex. sunny or cloudy), 
precipitation and wind conditions were recorded.  Birds that were seen or heard outside of the 
25 meters on either side of the transect were not included in the tally.  Volunteers did their 
best to not count the same bird twice by paying attention to the location of the birds.  Birds 
that flew over the woodlot were not included in the survey unless they were areal foragers 
(Swallows, Swifts, Kingfishers etc…) that were judged to be actively foraging within the transect.  
Land birds actively using the woodlot were included in the study.   
This study included songbirds that migrated any distance (short distance temperate 
migrants and long distance neotropical migrants).  Birds that were excluded from this study 
were those considered resident species all year round to the Western New York region and 
birds not considered a land bird/song bird (raptors, waterfowl, shorebirds, water birds, etc…).  
A full list of the bird species observed during the surveys and used in the analysis can be seen in 





Figure 1 Transect boxes used for the bird and vegetation surveys.  In both the 150 meter (A) and 
300 meter (B) transects, the bold line represents the marked transect line in the 
wooded patch that bird surveyors walked.  The transect box represents the 25 meter 
distance on either side of the transect that the birders could record visible or audible 
birds.  Vegetation sampling plots were located on the transect every 75 meters.  The 






The vegetation surveys were conducted during the summer of 2009 during the months 
of June, July, and August.  A sampling plot was laid out every 75 meters along the bird survey 
transects.  If the transect was located along a worn walking trail, the sampling plot center was 
moved at least five meters to the side of the transect.  The 150 meter transects had three 
sampling plots and the 300 meter transects had five sampling plots.  The 300 meter transects 
were broken apart into a first 150 meter half and a second 150 meter half to align with the 
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corresponding bird surveys.  The first 150 meter half (or the “a” half) consisted of the 0 meter 
(the transect start point), 75 meter, and 150 meter vegetation sampling plots and the second 
150 meter half (or the “b” half) consisted of the 150 meter, 225 meter, and 300 meter (the 
transect end point) vegetation sampling plots (Figure 1). 
The position at each sampling plot was recorded using a handheld GPS.  At each of the 
sampling plots, the vegetation was broken down into four categories to be surveyed: large 
trees, saplings and large shrubs, seedlings and small shrubs, and herbaceous. All plant 
identification was performed using Peterson’s Eastern Tree Field Guide (1988) and Peterson’s 
Tree and Shrubs Field Guide Second Edition (1972). 
 Wooded vegetation that had a Diameter at Breast Height (DBH) that was greater or 
equal to 10 centimeters was considered a large tree.  DBH was measured at the standard 1.4 
meters from the tree base.  Large trees were surveyed with a variable radius plot using a 10 
factor prism.  The center of the plot was located on the transect.  For each tree that was 
surveyed, the DBH was recorded to the nearest centimeter.  The height of each tree was 
recorded using a Haglöf Electric Clinometer.  All trees were identified to species.  
 The sapling and large shrub group consisted of wooded vegetation that contained a 
measurable DBH less than 10 centimeters.  Saplings and large shrubs were surveyed using a two 
meter radius plot with the plot center located on the transect.  Each plant was identified to 
species and the number of individuals present for each species located in the plot were 
counted. 
 Wooded vegetation that did not have a measurable DBH fell into the seedling and small 
shrub category.  Each plant was identified to species and the percent cover for each species was 
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recorded in the same 2 meter radius plot used for the saplings and large shrubs.  The percent 
cover was recorded in 5% intervals. 
 The herbaceous layer, or non-wooded vegetation, was recorded using a 1 x 1 meter 
plot.  The center of the plot was located on the transect at the same location as the 2 meter 
radius plots used for the wooded vegetation (Figure 2).  The percent herbaceous cover was 
recorded in 5% intervals.  Herbaceous plants were identified to species only if they were 
considered invasive and then the percent cover of invasive species were recorded using the two 
meter radius plot in 5% intervals. 
 
 
Figure 2 Sampling plots used for the vegetation surveys.  A 2 meter radius circular plot was used 
for measuring wooded vegetation with a DBH less than 10 cm and any herbaceous 
invasive species.  Overall herbaceous coverage was measured using a 1 meter by 1 




 At the center of each sampling plot, percent canopy was recorded and given the 
following numerical score: a score of 0 = 0% cover, 1 = 1-25% cover, 2 = 26-50% cover, 3 = 51-
75% cover, and 4 = 76 – 100% cover.  The vertical complexity of the vegetation in the plot was 
scored on a 1-3 point scale based on how many forest layers were present and density of three 
forest layers:  understory, mid-story, and canopy (Table 1).  The understory included vegetation 
closer to the ground under two meters in height, such as shrubs and young saplings or 
seedlings.  The mid-story category included vegetation that was intermediate height 
(approximately 2 to 10 meters tall) and consisted mostly of saplings and occasionally some very 
large shrubs.  The canopy layer was vegetation taller than 10 meters in height and included 
vegetation, such as large trees.  A score was given for the level of disturbance at each plot 














Table 1  Vertical complexity scoring system with density definitions.  The three potential forest 
layers include understory (vegetation under 2 meters in height), mid-story (vegetation 2 
to 10 meters in height), and canopy (vegetation 10+ meters in height).  The definitions 





1 Only one dense or sparse forest layer present at plot 
1.5 
Two forest layers present - one dense layer and one sparse layer or density of both 
layers are sparse 
2 Two dense forest layers present 
2.5 
Three forest layers present - Two dense layers and one sparse, one dense layer and 
two sparse, or three sparse layers 





Approximately 50+% ground coverage of understory vegetation; 
 8+ Individuals of mid-story vegetation within a 2 meter radius plot; 
 
or a 50+% canopy cover of large trees (approximately 5+ large trees falling in a 
variable radius plot of 10 factor prism) 
 
  
Sparse layer: Approximately 20-49% ground coverage of understory vegetation; 
 3-7 individuals of mid-story vegetation within a 2 meter radius plot; 
 
or a 25-50% canopy cover of large trees (approximately 2-5 trees falling in a 
variable radius plot of 10 factor prism) 
  
Not a layer: 
 
Less than 20% ground cover of understory vegetation; 
 2 or less individuals of mid-story vegetation within a 2 meter radius plot; 
 




















Table 2  Description of disturbance scoring system used at each plot along the transect.  A score 
of the disturbance was given for each of the three sampling plots located along the 150 
meter transects.  The three scores were averaged together to give an overall 
disturbance score for the entire transect. 
 
Score Description 
0 No disturbance: No signs of human intervention and no traffic noise heard 
1 
Can hear light traffic noise from within woodlot, but no visible signs of 
disturbance 
2 
Can hear traffic noise; Lightly used or overgrown trail or dirt roads within 0-20m 
from plot; Minor disturbance visible from plot; Disturbance not recent; partial 
understory removal 
3 
Can hear heavy traffic noise; Recent disturbance; heavily used trails or roads 
within 0-20m from plot; recent understory removal; heavy disturbance visible 
from within plot 
4 
Can hear heavy traffic noise; clear cuts; extensively developed sites; residential 






Along The Transect 
 
Since the sampling plots only captured a portion of the vegetation inside the transect 
box, vegetation in between the plots was measured by taking estimates while walking along the 
transect.  Some of the estimates included the number and density of invasive species (Table 3) 
and density of the vegetation in between each plot (Table 4).  The location (distance from the 
start of the transect) of any thickets of problem species, large down trees, major changes in the 
forest or shrub composition of the woodlot, or anything unusual was taken note of.  Notes and 
estimates of the vegetation were recorded for every 75 meters between sampling plots from 
what was visible on the transect and on either side of the transect line (generally 10-15 meters 





Table 3  Invasive species scoring for walking along the transect in between sampling plots.  
Plants are considered: scattered if there are approximately 1-5 single plants every 75 
meters, in a cluster if there are 3-5 invasive plants with a 2 meter radius, or a thicket if 
group of plant are such that one is unable to walk through them easily (generally more 
than 5 plants grouped together in a 2 meter radius). 
Score Description 
0 No invasive species seen while walking the transect 
1 
Only one invasive species present; single invasive plants scattered; no clusters or 
thickets 
2 
Two invasive species present; invasive plants found in clusters and/or scattered; 
approximately 10-20 single plants and/or 5-10 small clusters of plants seen within 75 
meters; no thickets 
3 
Two or more invasive species present; high density of invasive plants in thickets; 
more than 20 single invasive plants within 75 meters and plants may be seen in 




Table 4 Density of vegetation while walking along the transect.  The density was recorded for 
each 75 meters in between each sampling plot. 
Density Description 
H 
High density: Unable to walk through many parts of transect and need to detour 
around thickets frequently or require frequent need to physically move vegetation 
to walk through 
M 
Medium density: Able to walk through the vegetation, but vegetation brushes up 
against researcher; may require occasional physical movement of vegetation; no 
need to detour 
L 
Low density: Transect is easily walked without vegetation brushing up against 






 Photographs were taken at each sampling plot.  Index cards were used to make labels 
for each photo.  The label included the transect number, distance from the start if the transect 
and degrees from transect bearing (i.e. The label 25 75 270 was the label for a plot on transect 
number 25, which was 75 meters from the transect start and was 270 degrees from the 
transect bearing).  Three pictures were taken at each sapling plot.  One picture was looking 
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straight down the transect (0 degrees), to the left (270 degrees) and to the right (90 degrees).  
All pictures were taken at the same zoom setting.  Additional pictures were taken if there were 




General Linear Model 
 
A General Linear Model (GLM) was used to determine which variables were significant 
for predicting bird species richness and bird abundance individually.  The response variable was 
either bird richness or bird abundance, the model variables used in the analysis were distance 
from the shoreline, percent woody cover in a 5 km buffer around the patch centroid, and the 
interaction between distance from the shoreline and percent woody cover, and the vegetation 
variables collected in the field were included as covariates.  A full list of the variables used in 
the analysis as covariates or model variables can be seen in Appendix C.  One transect (#138) 
was only visited 6 times as opposed to the other transects which were visited a total of 7 or 8 
times.  To investigate whether the under sampling of this transect introduced a bias in the 
results, the analysis was run with and without the data from transect 138. 
Model 1, or step 1, of the data analysis included figuring out which variables were most 
significant for predicting either bird abundance or bird species richness using a backwards 
elimination process.  This model offers a thorough approach by recognizing all the significant 
predictor variables for either bird abundance or bird richness.  The covariate variable with the 
largest p-value (greater that 0.15) was considered insignificant and removed from the analysis.  
The GLM was run again using the remaining variables and removing one insignificant variable 
each time until all the variables that were left were significant with a p-value of 0.15 or less.  
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Alpha was set to 0.15 because of the small sample size and to avoid potentially removing 
important variables.  A normality plot of the residuals and an interaction plot of distance from 
the shorelines and percent woody cover were created. 
Model 2, or step 2, of the analysis looked at which significant variables from model 1 
were significant for both bird abundance and bird richness since bird abundance and richness 
together, rather than one or the other, are important for studying bird populations.  This model 
narrows down the number of significant predictor variables further by incorporating the 
overlapping significant variables for bird abundance and bird richness only.  The remaining 
variables from model 1 that do not overlap between bird abundance and richness were 
removed one at a time according to the highest p-value.  After removing a variable, the 
normality of the remaining variables was tested and if the normality p-value was 0.05 or less 
(making the data non-normal), the variable that was removed was added back into model 2.  
Use of model 2 may be helpful if researchers are limited by time and resources in the field by 
collecting the top variables for both bird abundance and richness together.  If a thorough 
approach is needed, it is suggested to use model 1 to gather all significant predictor variables 
for bird abundance and richness individually.  Model 2 analysis was done including transect 138. 
 
Invasive Species Analysis 
 
Analysis of the invasive species at each of the sampling locations was done using a 
scoring system (Appendix D).  Each site visited was analyzed and received a point value for 
different categories of the scoring system.  The points were summed over all the categories to 
give a final score used to rank the sites according the amount of invasive species present and 
the community structure of the site comparing amounts non-invasive plants to invasive plants.  
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The scoring system ranged from a score of 0 to a score of 40.  A higher score represented a 
higher amount of invasive species present at the site.  A linear regression was used to compare 




 At each of the sampling plots located along the transect, the in-field type of land cover 
was recorded according to the land cover definitions from the Multi-Resolution Land 
Characteristics Consortium (MRLC 2001) for the 2001 National Land Cover Database (NLCD) 
(Appendix A).  There were only three sampling plots along the transect, so each transect could 
have up to three land cover types.  The Global Positioning System (GPS) point location of each 
sampling plot was incorporated into an ArcGIS map over the 2001 NLCD land cover.  The NLCD 
land cover that the GPS point was located within was recorded.  The type of land cover and 
quantity of unique land cover types were compared between the in-field and NLCD land cover 
to observe any discrepancies.  The number and type of land covers were recorded for the entire 
wooded patch using the 2001 NLCD and was compared to the in-field land cover data recorded 
along the transect to see if the transect was a good representation of the land cover of the 
entire patch.  Land cover in the field was determined using the definitions of land cover types 














Model 1 – General Linear Model 
 
 Of the predictor variables collected in the field, vertical complexity, average tree DBH, 
large tree richness, seedling and small shrub richness, abundance of large trees, and abundance 
of saplings and large trees were significant factors predicting bird abundance with an R-Squared 
(Adjusted) of 0.933 with transect 138 and 0.9301 without transect 138.  The model variables, 
distance from the shore, percent woody cover in a 5 km radius and the interaction between 
them were also significant.  The significant variables with corresponding p-values can be seen in 
Table 5.  The ANOVA tables for the Model 1 analysis are provided in Appendix E.  Distance from 
the shoreline had a p=0.220 when not including transect 138, which is higher than alpha of 
0.15, but because this variable was significant when including transect 138, it was still 
considered significant.   
 Of the predictor variables collected in the field, canopy score, number of land cover 
types along the transect, seedling and small shrub richness, abundance of large trees, and 
abundance of saplings and large shrubs were significant for predicting bird richness with an R-
squared (Adjusted) of 0.9265 with transect 138 and 0.9366 without transect 138.  All of the 
model variables were significant at the 0.15 alpha level for analyses with and without transect 
138 (Table 5).  All data for bird abundance and bird richness with and without transect 138 
were normally distributed (Appendix F). 
 Bird abundance was higher with lower vertical complexity scores (R² = 0.35), average 
tree DBH (R² = 0.22), large tree richness (R² = 0.34), seedling and small shrub richness (R² = 
0.07), and abundance of large trees (R² = 0.19).  Bird abundance was higher with increasing 
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abundance of saplings and large shrubs (R² = 0.08) (Figure 3).  Bird Richness was higher with 
lower canopy scores (R² = 0.18), seedlings and small shrub richness (R² = 0.13), and abundance 
of large trees (R² = 0.38).  There was a slight downward trend seen where bird richness was 
higher with lower numbers of land cover types along the transect (R² = 0.03).  Bird richness 
increased with increasing abundance of saplings and large shrubs (R² = 0.16) as well (Figure 4).  
From the map in Figure 5, it can be seen that bird abundance and richness (Appendix J) was 
generally higher at sites with fewer large trees. 
Table 5  P-values for Model 1.  The variables include those collected in the field and the model 
variables, Indicated by a “(M)”.  The * indicates variables that were not significant using 
alpha=0.15, but since the variable was significant when transect 138 was either included 
or excluded, the variable was considered significant to reduce risk of eliminating a 




 transect 138 
P-value: 
excluding  
transect 138   
Bird Abundance 
Vertical Complexity 0.000 0.000 
Average Tree DBH 0.139 0.148 
Large Tree Richness 0.038 0.056 
Seedling and Small Shrub Richness 0.001 0.001 
Abundance of Large Trees 0.005 0.008 
Abundance of Saplings and Large Shrubs 0.106 0.120 
Distance From Shoreline (M) 0.135 0.220* 
Percent Woody Cover in 5 km Radius (M) 0.000 0.000 
Interaction of Distance from  
Shore and Percent Woody Cover (M) 0.000 0.000 
Bird Richness 
Canopy Score 0.087 0.019 
Number of Land Cover  
Types Along Transect 0.040 0.010 
Seedling and Small Shrub Richness 0.001 0.001 
Abundance of Large Trees 0.000 0.000 
Abundance of Saplings and Large Shrubs 0.155* 0.058 
Distance from Shoreline (M) 0.000 0.000 
Percent Woody Cover in  5 km Radius (M) 0.000 0.000 
Interaction of Distance from  







Figure 3  Scatter plots for bird abundance and significant variables from the General Linear 
Model.  Bird abundance is compared to each significant experimental value:  A) Vertical 
complexity, where higher scores indicate more forest layers and a higher complexity (R² 
= 0.35), B) Average tree Diameter at Breast Height (DBH) (R² = 0.22), C) Richness of large 
trees (R² = 0.34), D) Richness of seedlings and small shrubs (R² = 0.07), E) Abundance of 








Figure 4 Scatter plots for bird richness and significant variables from the General Linear Model.  
Bird richness is compared to each significant experimental value:  A) Canopy score, 
where higher values indicated a higher percent canopy cover (R² = 0.18), B) Number of 
woody land cover types seen along the transect (R² = 0.03), C) Richness of seedlings and 
small shrubs (R² = 0.13), D) Abundance of large trees (R² = 0.38), E) Abundance of 







Figure 5 Large tree abundance and bird abundance for each of the TNC pilot study transects from 
May 2009.  Higher values for bird abundance (large circles) and abundance of large trees 
(small circles) are indicated by a darker color and lower values are indicated by a lighter 





 Significant interactions between distance from the lake and percent woody cover in a 5 
km radius around the patch centroid were seen for bird abundance and richness.  The highest 
abundance of birds occurred furthest from and closest to the lake with the least amount of 
percent woody cover (Figure 6).  As the percent woody cover increased in the furthest distance 
band from the lake, the bird abundance sharply decreased in the 10-30% woody cover range 
and then slightly increased with the highest amount of woody cover (greater than 30% wooded 
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cover).  Closest to the lake, the abundance of birds decreased steadily as the percent woody 
cover increased.  The intermediate distance from the lake started out lower in bird abundance 
than the other two distances and then decreased slightly in the 10-30% woody cover range and 
increased with the 30%+ woody cover range.  With a low percent woody cover, the bird 
abundance values occupied a broad range (from approximately 75 to 200 birds) across the 
three distances.  As the percent woody increased to 30% or above, the bird abundance range 
narrowed across the distances (from approximately 60 to 100 birds).  The interaction plot for 
bird abundance excluding transect 138 was similar to Figure 6 and can be seen in Appendix G. 
 The highest bird richness values were closest to the lake with the least amount of 
percent woody cover and bird richness remained relatively high at this distance in the 10-30% 
woody cover range (Figure 7).  With greater than 30% woody cover, bird richness decreased 
sharply with distance close to the lake.  The 32- 75 km band furthest from the lake also 
displayed high bird richness values in the lowest percent woody cover.  The furthest distance 
from the lake then decreased in bird richness in the 10-30% woody cover range.  The 
intermediate distance (2-32 km) from the lake remained lower in bird richness than the other 
two distances with percent woody cover below 30% and then increased with percent woody 
cover greater than 30%.  With a low percent woody cover (less than 10%), the bird richness 
values occupied a broad range (from approximately 21-30 species) across the three distances.  
As the percent woody increased to 30% or above, the bird richness range narrowed across the 
distances (from approximately 21-23 species).  The interaction plot for bird richness excluding 
transect 138 was similar to Figure 7 and can be seen in Appendix G. 
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 Bird abundance and richness values are visualized at varying distances from the lake in 
Figure 8.  Sites closest to the shoreline had high bird abundance and richness values and some 
sites 32 – 75 km distance band had high abundances as well.  An inverse relationship between 
bird abundance and the amount of woody cover is shown in Figure 9.  A similar relationship is 
















Interaction Plot for Bird Abundance
Fitted Means
 
Figure 6 Interaction plot for bird abundance including transect 138.  The y-axis is the mean bird 
abundance.  Percent Woody on the x-axis is the percent woody cover in a 5 km radius 
around the patch centroid.  A value of 1 indicates a percent woody cover of less than 
10%, 2 indicates 10-30%, and a value of 3 indicates a percent woody cover of greater 
than 30%.  The varying distances from the shoreline are shown by the different colored 
lines associated with a distance value.  The black line (distance value of 1) represents 0-2 
km from the shoreline, the red line (distance value of 2) represents 2-32 km from the 

























Interaction Plot for Bird Richness
Fitted Means
 
Figure 7 Interaction plot for bird richness. Including transect 138.  The y-axis is the mean bird 
richness.  Percent Woody on the x-axis is the percent woody cover in a 5 km radius 
around the patch centroid.  A value of 1 indicates a percent woody cover of less than 
10%, 2 indicates 10-30%, and a value of 3 indicates a percent woody cover of greater 
than 30%.  The varying distances from the shoreline are shown by the different colored 
lines associated with a distance value.  The black line (distance value of 1) represents 0-2 
km from the shoreline, the red line (distance value of 2) represents 2-32 km from the 








Figure 8 Bird abundance and richness for each of the TNC pilot study transects from May 2009 at 
varying distance from the shoreline of Lake Ontario.  The three distance bands are 0-2 
km, 2-32 km, and 32-75 km from the shoreline.  Higher values for bird abundance (large 
circles) and bird richness (small circles) are indicated by a darker color and lower values 






Figure 9 Bird abundance and percent woody cover in a 5 km radius around the patch centroid for 
each of the TNC pilot study transects from May 2009.  Higher values for bird abundance 
(large circles) and percent woody cover (small circles) are indicated by a darker color 
and lower values are indicated by a lighter color. 
_____________________________________________________________________________________ 
 
Model 2 - General Linear Model 
 
 Incorporating only the overlapping significant variables for bird abundance and richness 
from Model 1 in a second model narrowed down the amount of variables included in the 
analysis.  Seedling and small shrub richness, abundance of saplings and large shrubs, and 
abundance of large trees were significant for both bird abundance and bird richness using 
Model 1 (Table 5).  Using just these three variables, a model was created with an R-Squared 
(Adjusted) of 0.7807 for bird abundance and 0.9062 for bird richness.  The resulting p-values for 
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the variables were all significant at the 0.15 alpha level, however the data became non-
normally distributed for bird abundance.  The data for bird richness remained normally 
distributed, but the p-value for abundance of saplings and large shrubs became insignificant 
with p=0.451.  
 Some of the other significant variables that were included in Model 1 for bird 
abundance (vertical complexity, large tree richness, and average tree DBH) may have been 
important for keeping the data normal.  After removing the least significant of the three 
variables (average tree DBH) and then removing the next least significant (large tree richness), 
leaving in the analysis vertical complexity, seedling and small shrubs richness, abundance of 
sapling and large shrubs, and abundance of large trees, the data remained normally distributed 
(Appendix H) with a R-Squared (adjusted) of 0.9334 .  The p-value for abundance of saplings and 
large shrubs however, did shift to being insignificant (p=0.250).  Adding back in large tree 
richness created a normally distributed model (Appendix H) and all variables in the analysis 
were significant (see Table 6 for summary).   
 In Model 1, bird richness showed significance with canopy score and number of land 
cover types in addition to seedling and smalls shrub richness, abundance of saplings and large 
shrubs and abundance of large trees.  Between canopy score and number of land cover types, 
canopy score was the least significant and was removed from the analysis to give a R-Squared 
(adjusted) of 0.9165 and then both canopy score and number of land cover types were 
removed from the analysis to give a R-Squared (adjusted) of 0.9062.  Data for both of these 
analysis were normally distributed (Appendix H), however the p-value for abundance of 
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saplings and large shrubs became insignificant.  A summary of the Model 2 analysis can be seen 
in Table 6.  
Invasive Species 
 
 The sampling locations provided a wide array of scores according to the presence of 
invasive species (Table 7).  After ranking the sites from highest to lowest score, it can be seen 
that transects 155, 224a, 224b, 30 and 114 acquired the top 5 scores and possess the greatest 
amount of invasive species.  Transects 108, 82a, 209, 82b, and 64 have the lowest 5 scores and 
possess the least amount of invasive species.  Scores of 0 (transect 108 and 82a) had no visible 
invasive species present. 
 For the invasive species and disturbance level regression, disturbance was found to be 
significant with a p=0.020.  The R-squared (adjusted) however, was only 0.149.  A pattern of 
higher invasive species scores being correlated with higher disturbance scores was seen (Figure 
10).  The data was normality distributed and a normality plot can be seen in Appendix I.  Bird 
abundance varied according to invasive species score.  Some areas with high invasive species 

















Table 6  Summary table for the Model 2 analysis.  Those variables that were significant for both 
bird abundance and bird richness in Model 1 (indicated in bold) were used in the Model 
2 analysis to create a model useful for predicting both bird abundance and richness 
together.  From the other non-bold variables significant in Model 1, the least significant 
was removed from the analysis one at a time.  Any issues that arose with the removal of 
a variable was indicated in the “Model 2 Issues” column.  An issue of “non-normal” 
indicates the data is non-normally distributed and “insignificant p-value” indicates that 
upon removal of a variable, the p-value for abundance of saplings and large trees rose 
above alpha of 0.15.  The R-squared (adjusted) was included for each analysis.  The 
“With or Without” column indicates whether transect 138 was included in the analysis. 
 Model With or  
Without 
138 

















vertical Complexity, average tree DBH, large 
tree richness, seedling and small shrub 
richness, abundance of saplings and large 
shrubs, abundance of large trees 
0.933 N/A 
1 Without 
vertical Complexity, average tree DBH, large 
tree richness, seedling and small shrub 
richness, abundance of saplings and large 
shrubs, abundance of large trees 
0.9301 N/A 
2 With 
vertical complexity, large tree richness, 
seedling and small shrub richness, 
abundance of saplings and large shrubs, 
abundance of large trees 
0.9456  
2 With 
vertical complexity, seedling and small shrub 
richness, abundance of saplings and large 





seedling and small shrub richness,  
abundance of saplings and large shrubs,  














canopy score, number of land cover types 
along the transect, seedling and small shrub 
richness, abundance of saplings and large 
shrubs, abundance of large trees 
0.9265 N/A 
1 Without 
canopy score, number of land cover types 
along the transect, seedling and small shrub 
richness, abundance of saplings and large 
shrubs, abundance of large trees 
0.9366 N/A 
2 With 
number of land cover types along the 
transect, seedling and small shrub richness, 
abundance of saplings and large shrubs, 





seedling and small shrub richness,  
abundance of saplings and large shrubs, 






Table 7 Invasive species scores based off the scoring system in Appendix D.  Higher scores 








155 21 25a 7 
224a 21 152b 7 
224b 20 80a 6 
30 17 208b 6 
114 16 58 5 
25b 15 101b 5 
196a 13 196b 4 
101a 12 210a 3 
138 12 210b 3 
177a 11 400 3 
177b 11 64 2 
208a 10 82b 2 
62 9 209 2 
80b 9 82a 0 





Figure 10  Scatter plot of disturbance levels and invasive species scores (R2 (Adj) = 0.149).  A value 
of 1 indicates a lower disturbance level and 3 indicates a higher disturbance level.  
Disturbance levels were measured by what was visible from the plot.  Invasive species 
were scored using the scoring system in Appendix D.  The possible scoring system was 







Figure 11  Invasive species score collected between June and August 2009 and bird abundance 
from May 2009 for each of the TNC pilot study transects.  Higher values for bird 
abundance (large circles) and invasive species score (small circles) are indicated by a 




GIS Model Validation 
 
 The land cover along the transects observed in the field showed some discrepancies 
when compared with the 2001 National Land Cover Database (NLCD).  Approximately half of 
the transects’ land cover was accurately represented by the NLCD at the sampling locations and 
the other locations showed missing or additional land cover types using the NLCD when 
compared to data collected in the field (Figure 12).  Larger discrepancies are seen when 
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comparing the in-field land cover to the land cover from the NLCD for the entire patch (Figure 
13).  Only a small portion of the transects represented the land cover of the entire patch.  In 
Figure 12 and 13, when the small circles (land cover in the field) aligned in color with the larger 
circles (NLCD land cover), the land cover provided by the NLCD was the same as what land 
cover was found in the field. 
 
Figure 12 Land cover types along each of the TNC pilot study transects.  The number of unique 
types of land cover along the transect recorded from each of the three sampling 
locations observed in the field (smaller circles) and the land cover from the 2001 
National Land Cover Database (NLCD) (Larger circles) are compared.  The possible land 
cover types include 41 – deciduous forest, 42 – Evergreen forest, 43 – Mixed forest, 52 – 
Shrubs and scrub, and 90 – Wooded wetland.  If the small and large circles are the same 






Figure 13 Land cover types along each of the TNC pilot study transects and within entire wooded 
patch.  The number of unique types of land cover along the transect recorded from each 
of the three sampling locations observed in the field (smaller circles) and the land cover 
from the 2001 National Land Cover Database in the entire wooded patch that the 
transect was located within (Larger circles) are compared.  The possible land cover types 
include 41 – deciduous forest, 42 – Evergreen forest, 43 – Mixed forest, 52 – Shrubs and 


















Bird abundance and richness 
  
The bird surveys conducted as part of the TNC study occurred during the spring 
migratory season in Western New York.  Past studies in Northeastern Pennsylvania have shown 
that spring migrants may prefer shrub habitat as opposed to forested habitat (Smith et al. 
2008).  During spring migration, many migrants look to insects as a main food source as 
opposed to fruit, which is less abundant during the spring migrations, as the fruit has not fully 
developed (Rodewald et al. 2007).  Jokimaki et al. (1998) found that arthropod abundances are 
positively correlated with dense shrubs and sapling layers, which suggests that the higher 
abundance of small trees and large shrubs in this study provide adequate food in the form of 
arthropods.   
Shrubs may also bear ample fruit supplies for the fall migration.  Birds have shown 
preference for shrubs and smaller trees because of fruit abundance for food and for the cover 
they provide, especially in the fall (DeGraaf 2002; Rodewald et al. 2004).  Since saplings and 
shrubs are associated with food resources and provide cover, it may be a possible explanation 
why locations with higher abundance of smaller trees and large shrubs attracted the highest 
abundance and diversity of migrants (Figure 3 and 4).  Recommended shrubs and small trees to 
plant to attract birds include those in the Viburnum (Viburnum spp.), Dogwood (Cornus spp.) 
and Hawthorn (Crataegus spp.) genera (DeGraaf 2002).  Many of these plant genera were 
observed in the field. 
 A dense understory is used by many species, such as those in the Paridae and Parulidae 
families, for selecting breeding ground; however, in the breeding grounds many species expand 
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their territory into denser canopies and areas with larger trees (Anderson et al. 1974).  Robins 
(Turdus spp.), Thrushes (Catharus spp.), and Blue Jays (Cyanocitta cristata) do utilize large 
evergreen trees.  Orioles (Icterus spp.), Goldfinches (Spinus spp.) and Vireos (Vireo spp.) also 
exploit large deciduous trees during the breeding season (DeGraaf 2002).  Many migrants 
observed in the bird surveys in the TNC study, such as the Pine Warbler (Dendroica pinus), 
Ovenbird (Seiurus aurocapillus), Blue-Gray Gnatcatcher (Polioptila caerulea), and Red-eyed 
Vireo (Vireo olivaceus), do utilize habitats with large trees and denser canopy in the breeding 
season as well (Anderson et al. 1974).  During migration, birds are looking to refuel quickly for 
the remainder of their journey in order to arrive at the breeding or wintering grounds in a 
timely manner, instead of looking to establish a territory, find mates, and locate a safe place to 
build a nest.  The vegetation choice of birds in the process of migrating and those at a breeding 
ground may differ according to the bird’s needs, which may explain why migrants seemed to 
prefer habitats with fewer large trees in this study (Figure 5 and Appendix J).   
The results showed higher bird abundances correlated with smaller DBH measurements 
for larger trees (Figure 3).  Birds showed preference for saplings and large shrubs, which had a 
DBH less than 10 centimeters.  Bird abundance also decreased with increasing large tree 
abundance and richness and seedling and small shrub richness (Figure 3).  
 Bird richness decreased with increased canopy score, large tree abundance and 
seedling and small shrubs richness (Figure 4).  In an area with fewer trees and a decreased 
canopy, more sunlight makes its way to the understory allowing saplings and large shrubs to 
thrive.  The denser sapling and large shrub layer may shade out the ground layer allowing fewer 
seedlings and smaller shrubs to grow.  Past studies have shown that sunlight influences forest 
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structure because it is a limiting factor for understory growth (Ricard et al. 2003).  Furthermore, 
bird abundance decreased with increasing vertical complexity scores (Figure 3), which supports 
the findings because in an area with fewer large trees and less canopy (where bird abundance 
and richness was higher), the vertical complexity score would also be lower due to the missing 
forest layer. 
Bird richness decreased slightly as the number of land cover types along the transect 
increased (Figure 4).  If more land cover types are in an area, it could be hypothesized that the 
diversity of birds would be higher, although this was not the case.  Even though number of land 
cover types displayed significance, the majority of the transects fell within deciduous forest as a 
land cover type, which could have presented a bias.  There were only three sampling plots 
along the 150 meter transect, which allows for a maximum of three land cover types to be 
observed.  It is suggested to increase the number of sampling plots to have a greater 
opportunity for locating other land cover types.  Further studies are recommended before 
drawing conclusions regarding whether or not the number of land cover types influences bird 
richness. 
Not all past studies have had the same results as this study when studying habitat 
preference at the patch scale for spring migrants.  Rodewald et al. (2005) found higher bird 
abundance and richness in mature upland forests that had greater tree height, larger tree 
diameter and more canopy cover.  Other studies have noted differences in forest edge and 
interior use with birds preferring forest interior (Keller et al. 2009).  The amount of forest edge 
versus interior was not a factor investigated in this study, but should be incorporated into 
53 
 
future studies.  Variation in habitat quality occurs from year to year, which could play role in 
the discrepancies seen between the results of different studies (Rodewald et al. 2004). 
Sites along the shoreline may be important stopover habitats because they provide the 
last possible stopping point for birds before crossing Lake Ontario in a northern direction during 
spring migration.  Areas along the shoreline consistently attracted high abundance and diversity 
of birds (Figure 8).  By performing resource sampling of midges and analyzing the foraging of 
the American Redstart (Setophaga ruticilla) , Smith et al. (2007), found that higher food 
resources for spring migrants are located along the shoreline and that bird mass was also higher 
along the shoreline.  This indicates that sites along the shore or near other water bodies may be 
important stopover habitats for spring migrants because of the high abundance of food 
available.  However, high abundances of migrants were also seen further from the shore in the 
32-75 kilometer distance band at transects 62 and 64 (transect are labeled in Figure 8), 
supporting past research that key stop over sites may be located further inland as well when 
birds undergo reorientation away from the lake, possibly lake avoidance, or because birds 
needed a place to stopover before reaching the shore (Deihl 2003).   
When the landscape becomes more fragmented and forest habitats become smaller and 
isolated, there are fewer choices of stopover habitats for migrating birds.  Bird abundance and 
richness was higher with lower percent woody cover in a 5 km radius around the patch centroid 
(Figure 9 and Appendix J).  In areas with less surrounding forest cover or smaller habitat 
patches, birds are going to have to cluster together more because the habitat for spreading out 
may not be available.  From the interaction plots (Figure 6 and 7), habitats close to the 
shoreline had highest abundance and richness values with the lowest percent woody cover, 
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which suggests that these may be potential “fire escape” habitats.  Fire escapes are habitats in 
an area where stopover habitats are sparse, and may provide birds with the only chance in the 
area to refuel and rest before or after crossing an ecological barrier (Mehlman 2005).  These 
habitats may be more beneficial as “fire escapes” for migrants in the fall migration by providing 
the first stopping point that birds can rest at after the non-stop flight over the lake from north 
to south (Mehlman et al. 2005).  At locations further from the shoreline (2-75 km), those sites 
with the highest amount of percent woody cover surrounding the patch centroid had the 
second highest abundance and richness of birds (Figure 6 and 7), suggesting that areas with 
more surrounding forest may be attractive to birds and influence birds’ stopover habitat choice 
if it is available (Buler et al. 2007).  Keller et al. (2007) found that several species of birds do 
utilize areas with more forested cover and are more likely to occur in larger forest patches as 
opposed to smaller ones in the spring migratory season.  Even though this study shows the 
opposite of Keller at al. (2007), where more birds were seen in the smaller and isolated 
habitats, it does not mean that birds are not utilizing habitats with more forested cover.  Birds 
may have more space to spread out in larger forest patches and may not all have been located 
near where the sampling transect was located.  Overall, a combination of distance and percent 
woody cover seems to influence where birds choose to stopover.  Habitats closest to (0-2 km) 
and furthest (32 – 75 km) from the shore with less than 10 percent woody cover in a 5 km 
radius around the patch attracted the most birds (Figures 6 and 7) in this study and may 
represent important areas for conservation. 
Model 1 of the data analysis provides an understanding of characteristics from the field 
that are important for predicting bird abundance and bird richness separately.  Model 2 offers 
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an approach that narrows down the variables out of those already found to be significant in 
Model 1 to give insight on which variables are most advantageous for data collection when 
looking at both bird abundance and bird richness.  When including only the overlapping 
significant variables from bird abundance and bird richness (those in bold in the summary table 
6), the data became non-normal for bird abundance, suggesting other variables from Model 1 
(vertical complexity, average tree DBH and large tree richness) may be important.  Eliminating 
significant variables in a model that already has a small sample size may also be causing the 
issues. 
The Model 2 approach may be useful if time and resources are limited because it would 
reduce the amount of time being spent in the field.  There were six variables significant for bird 
abundance and five for bird richness in Model 1, but if data was collected in the field only on 
the three overlapping variables (abundance of saplings and large shrubs, abundance of trees, 
and seedling and small shrub richness) the data collection would not take as long due to not 
having to collect information on addition variables (Vertical complexity, large tree species 
richness, tree DBH, canopy cover and number of land cover types).  If the time and resources 
are readily available, it is suggested that all the variables found significant in Model 1 be 
collected to create a more robust model and to reduce the risk of throwing out a potentially 
important variable.  More studies with a larger sample size should be done before relying 
entirely on Model 2 for predicting bird abundance and richness.  Increasing the sampling size is 
recommended because it is unclear whether the normality issues associated with the Model 2 
analysis in this study are due to eliminating significant variables from Model 1 or because of the 
small sampling size used in this study. 
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The analysis was done with and without transect 138 to eliminate any potential bias 
because it was visited less than the other transects in the study and missed a large time frame 
for bird sampling.  There were slight differences when including and excluding transect 138.  
However, the results were relatively similar and it did not seem to influence the outcome 
significantly.  In future studies, it would be beneficial to visit all sites the same number of times 




 Transects whose scores were 15 or above on the Invasive Species Scoring System 
(Appendix D) had a substantial number of invasive species present that may require attention 
and consideration if planning to conserve one of these areas.  Invasive species scores ranged 
from zero to 21 points out of a possible 40 points along the transects (Table 7).  A score of 40 
on the invasive species scale is highly unlikely.  To obtain this score, a woodlot would be 
composed entirely of a multitude of invasive species in all the forest levels.  From a forest 
ecology standpoint, transects with the highest invasive scores (transect 155, 224a, 224b, 30, 
and 114) may need to be reconsidered as land to conserve due to the high levels of invasive 
species present. 
 It was expected that higher invasive scores would be associated with high disturbance 
values, because disturbance has been seen to cause increases in invasive species abundance 
(Humphries et al 1991).  The R-squared of 14.9% for the invasive score and disturbance 
correlation was relatively low, but a significant upwards trend is still seen with a P=0.020 
(Figure 10).  The disturbance scores did not take into account disturbance outside of the 
wooded patch or any disturbances outside of the sampling plots.  Adding more sampling plots 
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along the transects and outside of the wooded patches for future studies would give a better 
evaluation of disturbances affecting the habitat. 
 For conservation planning, invasive species are usually considered undesirable and 
nuisance species.  However, when forming a conservation plan focusing solely on habitats for 
migrating birds, the presence of invasive species may not be detrimental to bird abundance and 
richness.  Some invasive species, such as tartarian honeysuckle (Lonicera tatarica), multiflora 
rose (Rosa multiflora), and red-osier dogwood (Cornus sericea) are highly utilized by birds for 
food or shelter sources (DeGraaf 2002).  Tartarian honeysuckle and multiflora rose were in high 
abundance at many of the sites visited in this study and some of the sites with high invasive 
species scores had high bird abundances (Figure 11).  Multiflora rose may be a nuisance for 
humans and for other plant species, but it grows very thick, which is an ideal shelter resource 
within a stopover habitat from a bird’s point of view (Degraaf 2002).   
The TNC study focuses on finding the best stopover habitats for migrating birds.  It may 
not be the most advantageous decision to eliminate study sites from being included in potential 
conservation plans based on the high presence of invasive species, since some of the sites with 
high invasive scores also have high bird abundance and richness values.  Removing a site from 
conservation because of the mass of invasive species thriving within it may be removing an 
important stopover habitat.  Transect 224 (a and b), which is labeled in Figure 8, had the 
highest amount of invasive plant species (Table 7), but also had one of the highest bird 
abundances and richness values (Figure 8).  This may be one of the more important stopover 
habitats of all the sites investigated in this study.  Sites should be selected for conservation if 
they have a high abundance and diversity of birds.  If these selected sites contain high amounts 
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of invasive plant species, then a maintenance and control plan needs to be implemented to 
prevent further spread of the invasive plants.  It should also be taken into account when 
planning management strategies that birds may spread these invasive species further because 
they are seed dispersers (Clout and Hay 1989).  
Model Validation 
 
 The land cover determined through field sampling and the land cover from the 2001 
National Land Cover Database (NLCD) did show discrepancies.  Ideally, a land cover database 
should portray the actual land cover accurately.  However, it is not feasible to update databases 
continually with the changing land cover and the databases do not have access to the finer 
scale details within a forested area.  These unavoidable flaws may lead to the presence of some 
differences seen when comparing to the actual land cover collected in the field, which is 
expected.   
 Along the transects, the land cover was the same in the field and in the NLCD for half of 
the transects at the sampling plots, but the other half of transects had missing or additional 
land cover types when using the NLCD (Figure 12).  The discrepancies could be due to 
inaccuracy of the NLCD, however it may be more likely in some cases that the sampling plots in 
the field were not large enough to capture all types of vegetation or there may not have been 
enough sampling plots to capture all the land cover types.  For example, the NLCD may have 
displayed “mixed forest” (evergreen and deciduous trees together with neither being present in 
a large majority over the other (MRLC 2001)) as a type of land cover, but the sampling plot 
placement in the field may have noted a majority of deciduous trees making the land cover 
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type “Deciduous forest”.  However, if the sampling plot was shifted 10 to 20 meters, more 
evergreen trees might have been noted making the land cover type “Mixed forest”.   
 Larger discrepancies were seen when comparing the land cover collected in the field to 
the land cover of the entire wooded patch using the NLCD.  Few transects portrayed the 
homogeneous land cover of the entire patch (Figure 13), which was expected.  The transects 
only covered a small portion of the actual wooded patch with only three sampling plots for 
every 150 meters.  This method did not effectively identify the diversity of the forested land 
cover within the entire patch, so other methods are recommended.  More sampling plots 
would be needed across the entire area of the patch to see if the NLCD portrayed the land 
cover types of the entire wooded patch accurately and to get a better understanding of the 
diversity of land cover of the entire patch.  However, altering the methods to locate land cover 
types of the entire patch to match the NLCD better may not serve the stopover study as well.  
 Increasing the amount or size of sampling plots will provide more information of the 
land cover if the time and resources are available.  For the purpose of the migratory bird study, 
using the 150 meter transects or increasing all transects to a 300 meter length would most 
likely be sufficient because the main focus of the study is finding correlations with other habitat 
characteristics.  The NLCD and model were accurate in predicting where forested areas are 
located.  All transects fell within one or a combination of wooded land cover types (Figure 8).  
Using only land cover databases to locate habitats would suffice if only looking to identify 
general habitat characteristics, such as areas with forested land cover.  Ground cover surveys 
are still recommended to obtain knowledge of the finer details of the vegetation, such as 
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abundance and diversity of plants, because the results from this study suggest that birds have 













































 This study supports the findings that birds choose stopover habitat on multiple scales 
(Buler et al. 2007).  At the geographic or regional scale, large abundances of birds congregate 
near to the shoreline of Lake Ontario, but also in areas further away from the shore.  Birds may 
need to stopover once (or possibly twice) in the Western New York region to prepare for the 
flight over Lake Ontario.  At the landscape scale, birds prefer forested habitat.  Bird abundances 
and species richness were highest in patches with a lower percent cover of wooded area 
surrounding the patch.  Due to fragmentation and isolation of smaller patches, those isolated 
forest fragments are highly utilized because other quality habitat may not readily available and 
birds need to congregate together in a smaller space.  Finally, at the site scale, birds choose 
stopover habitat with fewer trees and high abundance of saplings and large shrubs. 
 When deciding which sites to include in a conservation plan, all of the significant 
parameters need to be taken into consideration.  If funding was only available for the 
conservation of one site, it would be recommended to conserve transect 224 (Figure 8) because 
of the high abundance and diversity of migrants passing through.  Transect 224 is relatively 
isolated with less than 10 percent wooded cover surrounding the patch in a 5 km radius and is 
along the shoreline and may be one of the last possible stopping points before crossing Lake 
Ontario.  Even though transect 224 had a high presence of invasive species (Figure 11), it was 
one of the sites with large numbers of saplings and large shrubs, which are beneficial to 
migrating birds.  Invasive species management needs to be put in place if this site is conserved 
to prevent further spread of the undesirable invasive plants.  If funding is available, it is 
suggested to conserve more than one site by also including a site further from the shore in the 
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32-75 km distance band where forest fragments are isolated, such as transect 62 or 64 (Figure 
8).  Other important stopover sites that could be considered next for conservation are those 
along the shoreline with high bird abundance and richness which include transects 155 and 
152.  Transects 58, 177, 210 and 208 had relatively lower bird abundance and species richness 
and may not be as high of a priority to put in a conservation plant for stopover ecology (Figure 
8). 
 This study was a pilot study for The Nature Conservancy’s (TNC) larger stopover project.  
The larger stopover project is an ongoing, multi-year study covering more spring and fall 
migratory seasons than just the one spring season used in this study.  Some of the 
improvements recommended in future studies have been implemented by TNC for the larger 
and more long-term project.  More transects, all 300 meters in length, were established.  The 
ten 300 meter transects from the pilot study were re-used, however, all 150 meter length 
transects were removed from the study.  It would be recommended that transects all be visited 
on the same days with equal numbers of visits if possible to make analyzing the data more 
straight forward and also to eliminate potential bias from day to day variation in the spring 
migration, but this may not be feasible due to weather and other uncontrollable factors. 
 Other potential future studies could pull out information on individual migratory bird 
species at specific sampling locations to see if certain bird species had a strong preference for 
vegetation characteristics and if there was any variation in preference of habitat characteristics 
between species.  In addition, by looking at what species utilize the habitats, any sites 
supporting highly threatened species could be noted.  Additional studies could also look at the 
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herbivore levels, such as deer browsing, to see if birds are stopping over in areas where deer 













































Agard West, K., Spellman, C. B. and Scheider, K. J. (Unpublished) 'Spring concentrations of 
migrant birds in Lake Ontario shoreline habitats',  
Anderson, S. H. and Shugart, H. H. J. (1974) 'Habitat selection of breeding birds in an east 
Tennessee deciduous forest', Ecology, 55, 828-837. 
Audubon (2009) 'State of the Birds', [online], available: http://stateofthebirds.audubon.org/ 
[accessed January 17, 2010] 
Barrow, W. C. J., Chen, C.-C., Hamilton, R. B., Ouchley, K. and Spengler, T. J. (2000) 'Disruption 
and restoration of en route habitat, a case study: The Chenier Plain', Studies in Avian 
Biology, 20, 71-87. 
Berthold, P. (2001) ‘Bird migration: A general survey’, Edition 2, New York, NY: Oxford 
University Press. 
Bonter, D. N., Gauthreaux, S. A. Jr., Donovan, T. M. (2009) ‘Characteristics of important 
stopover locations for migrating birds: Remote Sensing with Radar in the Great Lakes 
Basin’, Conservation Biology, 23(2), 440-448. 
Botkin, D. B., Woodby, D. A. and Nisbet, R. A. (1991) 'Kirtland's Warbler habitats: A possible 
early indicator of climatic warming', Biological Conservation, 56, 63-78. 
Bruns, H. (1960) 'The economic importance of birds in forests', Bird Study, 7(4), 193-208. 
Buler, J. J., Moore, F. R. and Woltmann, S. (2007) 'A multi-scale examination of stopover habitat 
use by birds', Ecology, 88(7), 1789-1802. 
Chen, P.-Y., Luzio, M. D. and Arnold, J. G. (2005) 'Spatial assessment of two widely used land-
cover datasets over the continental U.S.', IEEE Transactions of Geoscience and Remote 
Sensing, 43(10), 2396-2404. 
Clout, M. N. and Hay, J. R. (1989) 'The importance of birds as browsers, pollinators, and seed 
dispersers in New Zealand forest', New Zealand Journal of Ecology, 148 (Supplemental), 
27-33. 
DeGraaf, R. M. (2002) Trees, shrubs, and vines for attracting birds, Lebanon, NH: University 
Press of New England. 
65 
 
Didham, R. K., Tylianakis, J. M., Hutchison, M. A., Ewers, R. M. and Gemmell, N. J. (2005) 'Are 
invasive species the drivers of ecological change?', TRENDS in Ecology and Evolution, 
20(9), 470-474. 
Diehl, R. H., Larkin, R. P. and Black, J. E. (2003) 'Radar observations of bird migration over the 
Great Lakes', The Auk, 120(2), 278-290. 
Greenwood, J. J. D. (2007) 'Citizens, science, and bird conservation', Journal of Ornithology, 148, 
S77-S124. 
Groves, C. R., Jensen, D. B., Valutis, L. L., Redford, K. H., Shaffer, M. L., Scott, J. M., Baumgartner, 
J. V., Higgins, J. V., Beck, M. W. and Anderson, M. G. (2002) 'Planning for biodiversity 
conservation: putting conservation science into practice', BioScience, 52(6), 499-512. 
Humphries, S. E., Groves, R. H. and Mitchell, D. S. (1991) Plant invasions: The incidence of 
environmental weeds in Austrailia, Plant invasions and Australian ecosystems: a status 
review and management directions, Canberra, Australia: Australian National Park and 
Wildlife Service. 
Hutto, R. L. (1998) 'On the importance of stopover sites to migrating birds', The Auk, 115(4), 
823-825. 
Jokimaki, J., Huhta, E., Itamies, J. and Rahko, P. (1998) 'Distribution of arthropods in relation to 
forest patch size, edge, and stand characteristics', Canadian Journal of Forest Research, 
28(7), 1068-1072. 
Keller, G. S., and Yahner, R. H. (2007) ‘Seasonal forest-patch use by birds in fragmented 
landscapes of South Central Pennsylvania’, The Wilson Journal of Ornithology, 119(3): 
410-418. 
Keller, G. S., Ross, B. D., Klute, D. S., and Yahner, R. H. (2009) ‘Temporal changes in migratory 
bird use of edges during spring and fall seasons in Pennsylvania’, Northeastern 
Naturalist, 16(4): 535-552. 
Lindenmayer, D. B., Margules, C. R. and Botkin, D. B. (2000) 'Indicators of biodiversity for 
ecologically sustainable forest management', Conservation Biology, 14(4), 941-950. 
Marzluff, J. M. and Sallabanks, R. (1996) Avian conservation: Research and management, 
Washington, D.C.: Island Press. 
Mehlman, D. W., , Mabey, Sarah E., Ewert, David N., Duncan, C., Abel, B., Cimprich, D., Sutter, R. 
D. and Woodrey, M. (2005) 'Conserving stopover sites for forest-dwelling migratory 
landbirds', The Auk, 122(4), 1281-1290. 
66 
 
Moore, F. R., Kerlinger, P. and Simons, T. R. (1990) 'Stopover on a gulf coast barrier island by 
spring trans-gulf migrants', Wilson Bulletin, 102(3), 487-500. 
Moore, F. R. and Woodrey, M. S. (1993) 'Stopover habitat and its importance in the 
conservation of landbird migrants', Proceedings of the Annual Conference of the 
Southeastern Association of Fish and Wildlife Agencies, 47, 447-459. 
Multi-Resolution Land Characteristics Consortium (MRLC), (2001) '2001 National Land Cover 
Dataset', [online], available: http://www.mrlc.gov [accessed May 20, 2009] 
Petit, L. J., and Petit, D. R. (2003) ‘Evaluating the importance of human-modified lands for 
Neotropical bird conservation’, Conservation Biology, 17(3): 687-694. 
Ricard, J.-P., Messier, C., Delagrange, S. and Beaudet, M. (2003) 'Do understory saplings 
respond to both light and below-ground competition? A field experiment in a North-
eastern American hardwood forest and a literature review', Annuals of Forest Science, 
60, 749-756. 
Robbins, C. S., Sauer, J. R., Greenberg, R. S. and Droege, S. (1989) 'Population declines in North 
American birds that migrate to the neotropics', Proceedings of the National Academy of 
Sciences, 89, 7658-7662. 
Rodewald, P. G., and Brittingham, M. C. (2004) ‘Stopover habitats of landbirds during fall: Use 
of edge-dominated and early successional forests’, The Auk. 121(4):1040-1055. 
Rodewald, P.G., and Matthews, S.N. (2005) ‘Landbird use of riparian and upland forest stopover 
habitats in an urban landscapes’, The Condor, 107: 259-268. 
Rodewald, P. G. and Brittingham, M. C. (2007) 'Stopover habitat used by spring migrant 
landbirds: The roles of habitat structure, leaf development, and food availability', The 
Auk, 124(3), 1063-1074. 
Schmiegelow, F. K. A., Mönkk and önen, M. (2002) 'Habitat loss and fragmentation in dynamic 
landscapes: Avian perspectives from the boreal forest', Ecological Applications, 12(2), 
375-389. 
Sekercioglu, C. H., Daily, G. C. and Ehrlich, P. R. (2004) 'Ecosystem consequences of bird 
declines', Proceedings of the National Academy of Sciences, 101(52), 18042-18047. 
Sillet, T. S. and Holmes, R. (2002) 'Variation in survivorship of a migratory songbird throughout 
its annual cycle', Journal of Animal Ecology, 71, 296-308. 
Simons, T. R., Pearson S. M., Moore, F. R. (2000) ‘Application of spatial models to the stopover 
ecology of trans-gulf migrants’, Studies in Avian Biology, 20: 4-14. 
67 
 
Smith, R. J., Moore, F. R., and May, C. A. (2007) ‘Stopover habitat along the shoreline of 
northern Lake Huron, Michigan: Emergent aquatic insects as a food resource for spring 
migrating land birds’ The Auk, 124(1): 107-121. 
Smith, R.J., and Hatch, M.I. (2008) ‘A comparison of shrub-dominated and forested habitat use 
by spring migrating landbirds in Northeastern Pennsylvania’, The Condor, 110(4): 682-
693. 
Suthers, H. B., Bickal, J. M., and Rodewald, P. G. (2000) ‘Use of successional habitat and fruit 
resources by songbirds during autumn migration in central New Jersey’, The Wilson 
Bulletin, 112(2), 249-260. 
Telleria, J. L. and Pe'rez-Tris, J. (2003) 'Seasonal distribution of a migratory bird: effects of local 
and regional resource tracking', Journal of Biogeography, 30, 1583-1591. 
Thogmartin, W. E., Gallant, A. L., Knutson, M. G., Fox, T. J. and Suarez, M. J. (2004) 
'Commentary: A cautionary tale regarding use of the National Land Cover Dataset 1992', 
Wildlife Society Bulletin, 32(3), 970-978. 
Tilman, D. and Lehman, C. (2001) 'Human-caused environmental change: Impacts on plant 
diversity and evolution', Proceedings of the National Academy of Sciences, 98(10), 5433-
5440. 
United States Department of Agriculture (USDA), (2010) 'Plants’, National Invasive Species 
Information Center, [online], available: http://www.invasivespeciesinfo.gov [accessed 
January 17, 2010] 
Whitaker, D. M. and Montevecchi, W. A. (1997) 'Breeding bird assemblages associated with 
riparian, interior forest, and nonriparian edge habitats in a balsam fir ecosystem', 
Canadian Journal of Research, 27(1157-1167). 
Yong, W., Finch, D., M., Moore, F. R. and Kelly, J. F. (1998) 'Stopover ecology and habitat use of 















Land Cover Definitions 
Land cover definitions from the 2001 National Land Cover Database (NLCD).  The definitions are directly 
from NLCD (MRLC 2001).  The in-field land cover types were determined using these definitions as well. 
 
Number Land Cover Definition 
41 Deciduous forest 
Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the 
tree species shed foliage simultaneously in response to seasonal change. 
42 Evergreen forest 
Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. More than 75 percent of the 
tree species maintain their leaves all year. Canopy is never without 
green foliage. 
43 Mixed forest 
Areas dominated by trees generally greater than 5 meters tall, and 
greater than 20% of total vegetation cover. Neither deciduous nor 
evergreen species are greater than 75 percent of total tree cover. 
52 Shrub/scrub 
Areas dominated by shrubs; less than 5 meters tall with shrub canopy 
typically greater than 20% of total vegetation. This class includes true 
shrubs, young trees in an early successional stage or trees stunted from 
environmental conditions. 
90 Wooded Wetland 
Areas where forest or shrubland vegetation accounts for greater than 20 
percent of vegetative cover and the soil or substrate is periodically 

























Bird species recorded during the completion of the bird surveys in May 2009 and used in the data 
analysis as a short or long distance migratory species for the Western New York region. 
 
Species Common Name Species Scientific Name Species Common Name Species Scientific Name 
Alder Flycatcher Empidonax alnorum Magnolia Warbler Dendroica magnolia 
American Crow Corvus brachyrhynchos Mourning Warbler Oporornis philadelphia 
American Goldfinch Carduelis tristis Nashville Warbler Vermivora ruficapilla 
American Redstart Setophaga ruticilla Northern Parula Parula americana 
American Robin Turdus migratorius Northern Rough-winged Swallow Stelgidopteryx serripenis 
Baltimore Oriole Icterus galbula Northern Waterthrush Seiurus novaboracensis 
Bay-breasted Warbler Dendroica castamea Olive-sided Flycatcher Contopus borealis 
Black-and-White Warbler Mniotilta varia Orchard Oriole Icterus spurius 
Black-billed Cuckoo Coccyzus erythropthalmus Ovenbird Seiurus aurocapillus 
Blackburnian Warbler Dendroica fusca Palm Warbler Dendroica palmarum 
Blackpoll Warbler Dendroica striatus Philadelphia Vireo Vireo philadelphicus 
Black-Throated Blue Warbler Dendroica caerulescens Pine Siskin Carduelis pinus 
Black-Throated Green Warbler Dendroica virens Pine Warbler Dendroica pinus 
Blue-gray Gnatcatcher Popliotila caerulea Red-eyed Vireo Vireo olivaceus 
Blue-headed Vireo Vireo solitarius Redwinged Blackbird Agelaius phoeniceus 
Blue-Winged Warbler Vermivora pinus Rose-breasted Grosbeak Pheucticus ludivicianus 
Bobolink Dolichonyx orzivorus Ruby-crowned Kinglet Reguluacalendula 
Brown Creeper Certhia americana Ruby-throated Hummingbird Archilochus colubris  
Brown Thrasher Toxastoma rufum Rusty Blackbird Euphagus carolinus 
Brown-headed Cowbird Molothrus ater Savannah Sparrow Passerculus sandwichensis 
Canada Warbler Wilsonia canadensis Scarlet Tanager Piranga olivacea 
Cape May Warbler Dendroica tigrina Slate-colored Junco Junco hymenalis 
Carolina Wren Thryothorus ludovicianus Song Sparrow Melospiza melodia 
Cedar Waxwing Bombycilla cedrorum Swainson's Thrush Catharus ustulatus 
Chestnut-sided Warbler Dendroica pensylvanica Swamp Sparrow Melospiza georgiana 
Chipping Sparrow Spizella passerina Tennessee Warbler Vermivora peregrina 
Common Grackle Quiscalus quiscula Tree Swallow Tachycineta bicolor 
Common Yellowthroat Geothylipsis trichas Veery Catharus fuscescens 
Eastern Blue Bird Sialia sialis Warbling Vireo Vireo gilvus 
Eastern Kingbird Tyrannus tyrannus Western Flycatcher Empidonax difficilis 
Eastern Phoebe Sayornis phoebe Western Palm Warbler Dendroica palmarum 
Eastern Towhee Pipilo erythrophthalmus White-crowned Sparrow Zonotrichia leucophrys 
Eastern Wood-Pewee Contopus virens White-throated Sparrow Zonotrichia albicollis 
Field Sparrow Spizella pusilla Willow Flycatcher Empidonax trailii 
Gray Catbird Dumetella carolinensis Wilson's Warbler Wilsonia pusilla 
Gray-cheeked Thrush Catharus minimus Wood Thrush Hylocichla mustelina 
Great-crested Flycatcher Myiarchus critinus Worm-eating Warbler Helmitheros vermivorus  
Hooded Warbler Wilsonia citrina Yellow Warbler Dendroica petechia 
House Wren Troglodytes aedon Yellow-bellied Sapsucker Sphyrapicus ruber 
Indigo Bunting Passerina cyanea Yellow-rumped Warbler Dendroica coronata 
Least Flycatcher Empidonax minimus Yellow-throated Vireo Vireo flavifrons 










List of Variables Included in Analysis 
List of all the variables used in the General Linear Model Analysis.  Variables with an “(M)” are 
the variables used as the Model Variables in the General Linear Model (and in the original 
Geographic Information System model) and all of the other variables were collected in the field. 
 
Variables for General Linear Model Analysis 
Vertical Complexity 
Canopy Score 
Average Percent Herbaceous Cover 
Average Tree DBH 
Average Tree Height 
Number of Land Cover Types Along the Transect 
Large Tree Richness 
Sapling and Large Tree Richness 
Seedling and Small Shrub Richness 
Abundance of Large Trees 
Abundance of Saplings and Large Shrubs 
Percent Cover of Seedlings and Small Shrubs 
Distance from the Shoreline (M) 
Percent Woody Cover within a 5 km Radius from the Patch Centroid 
(M) 
Interaction between Distance from the Shoreline and 
























Invasive Species Scoring System 
Scoring system used to rank sites according to the amount of invasive species present.  The scoring system ranged 
from a score of 0 to 40 points.  Categories A, B, C, D and H were calculated within each plot and then all plots on 
the transect were averaged together.  The three community structure categories (E, F, and G) were performed by 
summing the percent cover or individuals of invasive species and total number of species over all three plots 
within the transect.  For category I (along the transect), the term “scattered” is defined as approximately 1-5 single 
plants every 75 meters,  “cluster” is defined as 3-5 invasive plants within a 2 meter radius, and “thicket” is defined 
as a group of plants that one is unable to talk through easily (generally more than 5 plants grouped together in a 2 
meter radius). 
Category of invasive Sub-Category Points Category of invasive Sub-Category Points 





0% 0 E. Community 
structure for seedlings 
and small shrubs (% 
cover invasive 
plants/total % cover all 
plants X 100) 
0% 0 
1-15% 1 1-15% 1 
16-30% 2 16-30% 2 
31-45% 3 31-45% 3 
46-60% 4 46-60% 4 
61+% 5 61+% 5 
B. Average percent 
cover 




structure for saplings 
and large shrubs (# of 
invasive plants/total # 
of all plants X 100) 
0% 0 
1-15% 1 1-15% 1 
16-30% 2 16-30% 2 
31-45% 3 31-45% 3 
46-60% 4 46-60% 4 
61+% 5 61+% 5 
C. Average number of 
individuals (Saplings 
and large shrubs) 
0 individuals 0 0% 0 
0.1-1 individuals 1 G. Community 
structure for large 
trees (# of invasive 
plants/total # of all 
plants X 100) 
1-15% 1 
1.1-2.5 individuals 2 16-30% 2 
2.6-4.5 individuals 3 31-45% 3 
4.6+ individuals 4 46-60% 4 
D. Average number of 
individuals (Large 
trees) 
0 individuals 0 61+% 5 
0.1-1 individuals 1 H. Average number of 
unique invasive 
species present 
(summed over all plant 
categories) 
0 species 0 
1.1-2.5 individuals 2 0.1-1 species 1 
2.6-4.5 individuals 3 1.1-2 species 2 
4.6+ individuals 4 2.1-3 species 3 
   3.1+ species 4 
Category of Invasive Sub-category Points 
I.  Along the transect 
(When walking along 
the transect, what you 
can see on transect 
and about 15 meters 
to the left and right of 
transect) 
No invasive species noticed on the transect 0 
Only one species present as single plants scattered ; no clusters 1 
Two species present; invasive plants found in small clusters (5-10 
small clusters within 75 meters) and/or single plants scattered (10-
20 single plants within 75 meters) 
2 
Two or more species present; high density of plants in thickets; 
invasive plants are more than 20 plants within 75 meters and may 









ANOVA Tables from General Linear Model - Model 1 
 
ANOVA tables for the General Linear Model for Bird Abundance including transect 138 
 
General Linear Model: Bird Abundance versus distance, percent woody 
 
Factor         Type   Levels  Values 
distance       fixed       3  1, 2, 3 
percent woody  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Bird Abundance, using Adjusted SS for Tests 
 
Source                  DF   Seq SS   Adj SS  Adj MS      F      P 
Vertical_Complexity      1  19616.2   5974.0  5974.0  29.99  0.000 
Ave Tree DBH             1   8633.3    491.6   491.6   2.47  0.139 
LT_Richness              1   4080.0   1049.0  1049.0   5.27  0.038 
Seed_SmShrub_Richness    1   7125.8   3587.9  3587.9  18.01  0.001 
Abund_LT                 1   3911.4   2155.2  2155.2  10.82  0.005 
Abund_Sap_LgShrub        1   1277.5    594.6   594.6   2.98  0.106 
distance                 2  14474.8    924.3   462.1   2.32  0.135 
percent woody            2   4580.0   9138.4  4569.2  22.94  0.000 
distance*percent woody   4  16814.4  16814.4  4203.6  21.10  0.000 
Error                   14   2788.8   2788.8   199.2 
Total                   28  83302.2 
 
 
S = 14.1138   R-Sq = 96.65%   R-Sq(adj) = 93.30% 
 
 
Term             Coef  SE Coef      T      P 
Constant       346.44    35.93   9.64  0.000 
Vertical_Com   -68.66    12.54  -5.48  0.000 
Ave Tree DBH   1.3865   0.8826   1.57  0.139 
LT_Richness    -8.423    3.670  -2.29  0.038 
Seed_SmShrub  -11.440    2.696  -4.24  0.001 
Abund_LT      -2.2874   0.6954  -3.29  0.005 
Abund_Sap_Lg  -1.4647   0.8478  -1.73  0.106 
 
 
Unusual Observations for Bird Abundance 
 
Bird 
Obs  Abundance      Fit  SE Fit  Residual  St Resid 
5    269.000  250.687  12.678    18.313      2.95 R 
6    122.000  140.313  12.678   -18.313     -2.95 R 
 












ANOVA tables for the General Linear Model for Bird Richness including transect 138 
 
General Linear Model: Bird Richness versus distance, percent woody 
 
Factor         Type   Levels  Values 
distance       fixed       3  1, 2, 3 
percent woody  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Bird Richness, using Adjusted SS for Tests 
 
Source                  DF    Seq SS   Adj SS  Adj MS      F      P 
Canopy_Score             1   232.346   11.010  11.010   3.33  0.087 
Number_LC_types_field    1    50.442   16.566  16.566   5.01  0.040 
Seed_SmShrub_Richness    1   320.884   56.958  56.958  17.24  0.001 
Abund_LT                 1   223.990   83.119  83.119  25.15  0.000 
Abund_Sap_LgShrub        1     4.374    7.357   7.357   2.23  0.155 
distance                 2   180.567  121.833  60.917  18.43  0.000 
percent woody            2   118.838  109.979  54.990  16.64  0.000 
distance*percent woody   4   120.351  120.351  30.088   9.10  0.000 
Error                   16    52.875   52.875   3.305 
Total                   29  1304.667 
 
 
S = 1.81788   R-Sq = 95.95%   R-Sq(adj) = 92.65% 
 
 
Term              Coef  SE Coef      T      P 
Constant        44.930    3.578  12.56  0.000 
Canopy_Score   -1.3675   0.7492  -1.83  0.087 
Number_LC_ty    -2.273    1.015  -2.24  0.040 
Seed_SmShrub   -1.1633   0.2802  -4.15  0.001 
Abund_LT      -0.40977  0.08171  -5.02  0.000 
Abund_Sap_Lg  -0.11221  0.07520  -1.49  0.155 
 
 
Unusual Observations for Bird Richness 
 
Bird 
Obs  Richness      Fit  SE Fit  Residual  St Resid 
11   23.0000  20.4733  1.3321    2.5267      2.04 R 
23   19.0000  22.0657  0.9953   -3.0657     -2.02 R 
25   26.0000  23.2237  1.2035    2.7763      2.04 R 
 














ANOVA tables for the General Linear Model for Bird Abundance excluding transect 138 
 
General Linear Model: Bird Abundance versus distance, percent woody 
 
Factor         Type   Levels  Values 
distance       fixed       3  1, 2, 3 
percent woody  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Bird Abundance, using Adjusted SS for Tests 
 
Source                  DF   Seq SS   Adj SS  Adj MS      F      P 
Vertical_Complexity      1  20403.7   5725.9  5725.9  26.82  0.000 
Ave Tree DBH             1   8524.3    504.9   504.9   2.37  0.148 
LT_Richness              1   4058.3    935.7   935.7   4.38  0.056 
Seed_SmShrub_Richness    1   7307.7   3599.2  3599.2  16.86  0.001 
Abund_LT                 1   3870.6   2124.3  2124.3   9.95  0.008 
Abund_Sap_LgShrub        1   2275.0    591.0   591.0   2.77  0.120 
distance                 2  12208.0    728.4   364.2   1.71  0.220 
percent woody            2   4252.3   8371.4  4185.7  19.61  0.000 
distance*percent woody   4  16797.4  16797.4  4199.3  19.67  0.000 
Error                   13   2775.0   2775.0   213.5 
Total                   27  82472.1 
 
 
S = 14.6102   R-Sq = 96.64%   R-Sq(adj) = 93.01% 
 
 
Term             Coef  SE Coef      T      P 
Constant       346.19    37.21   9.30  0.000 
Vertical_Com   -69.54    13.43  -5.18  0.000 
Ave Tree DBH   1.4335   0.9321   1.54  0.148 
LT_Richness    -8.187    3.911  -2.09  0.056 
Seed_SmShrub  -11.466    2.792  -4.11  0.001 
Abund_LT      -2.3291   0.7383  -3.15  0.008 
Abund_Sap_Lg  -1.4606   0.8778  -1.66  0.120 
 
 
Unusual Observations for Bird Abundance 
 
Bird 
Obs  Abundance      Fit  SE Fit  Residual  St Resid 
4     51.000   51.000  14.610     0.000         * X 
5    269.000  250.907  13.153    18.093      2.84 R 
6    122.000  140.093  13.153   -18.093     -2.84 R 
 
R denotes an observation with a large standardized residual. 













ANOVA tables for the General Linear Model for Bird Richness excluding transect 138 
 
General Linear Model: Bird Richness versus distance, percent woody 
 
Factor         Type   Levels  Values 
distance       fixed       3  1, 2, 3 
percent woody  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Bird Richness, using Adjusted SS for Tests 
 
Source                  DF    Seq SS   Adj SS  Adj MS      F      P 
Canopy_Score             1   214.005   19.989  19.989   6.86  0.019 
Number_LC_types_field    1    51.802   25.547  25.547   8.77  0.010 
Seed_SmShrub_Richness    1   337.790   52.546  52.546  18.05  0.001 
Abund_LT                 1   204.957   59.461  59.461  20.42  0.000 
Abund_Sap_LgShrub        1     4.517   12.229  12.229   4.20  0.058 
distance                 2   183.834   91.826  45.913  15.77  0.000 
percent woody            2   115.266  119.120  59.560  20.45  0.000 
distance*percent woody   4   129.392  129.392  32.348  11.11  0.000 
Error                   15    43.678   43.678   2.912 
Total                   28  1285.241 
 
 
S = 1.70641   R-Sq = 96.60%   R-Sq(adj) = 93.66% 
 
 
Term              Coef  SE Coef      T      P 
Constant        47.995    3.775  12.71  0.000 
Canopy_Score   -2.2911   0.8744  -2.62  0.019 
Number_LC_ty    -3.307    1.117  -2.96  0.010 
Seed_SmShrub   -1.1218   0.2641  -4.25  0.001 
Abund_LT      -0.36489  0.08075  -4.52  0.000 
Abund_Sap_Lg  -0.15164  0.07400  -2.05  0.058 
 
 
Unusual Observations for Bird Richness 
 
Bird 
Obs  Richness      Fit  SE Fit  Residual  St Resid 
4   20.0000  20.0000  1.7064   -0.0000         * X 
22   19.0000  22.1047  0.9345   -3.1047     -2.17 R 
24   26.0000  22.7869  1.1561    3.2131      2.56 R 
 
R denotes an observation with a large standardized residual. 














Normality Plots for Model 1 Analysis 
 
Normality plot of residuals for bird abundance including transect 138 using Model 1.   




Normality plot of residuals for bird richness including transect 138 using Model 1.   








Normality plot of residuals for bird abundance not including transect 138 using Model 1. 




Normality plot of residuals for bird richness not including transect 138 using Model 1.  












The interactions plots were performed with data excluding transect 138 from analysis.  For both 
plots, distance values are 0 – 2 km (1), 2 – 32 km (2), and 32 – 75 km (3) from the shore line and 
percent woody cover values were less than 10% (1), 10-30% (2), and greater than 30% (3).  
Percent woody cover was the amount of wooded cover in a 5 km radius around the patch 
centroid.  The y-axis shows the mean bird richness or abundance. 
 












Normality Plots for Model 2 Analysis 
 
Normality plot of the residuals for bird abundance using Model 2.  Average tree DBH and large 




Normality plot of the residuals for bird abundance using Model 2.  Average tree DBH is 








Normality plot of the residuals for bird richness using Model 2.  Canopy cover score and the 




Normality plot of the residuals for bird richness using Model 2.  The canopy score is excluded 










Normality plot for Invasive Species 
 
Normality plot of the residuals for the regression of the disturbance scores and invasive species 





























Additional Maps for Bird Richness 
 
Abundance of large trees and bird richness for each of the TNC pilot study transects from May 
2009.  Higher values for bird richness (large circles) and abundance of large trees (small circles) 




















Percent woody cover in a 5 km radius around the patch centroid and bird richness for each of 
the TNC pilot study transects from May 2009.  Higher values for bird richness (large circles) and 
percent woody cover (small circles) are indicated by a darker color and lower values are 
indicated by a lighter color. 
 
 
